Objectives-Emergency department (ED) transvaginal ultrasound (US) is underused in clinical practice. This study assessed pregnant women's perceptions of ED transvaginal US in terms of pain, embarrassment, anxiety, and willingness to receive the procedure. Secondary variables include physicians' perceptions of patients' experiences.
(genital, rectal, and breast) produces anxiety for many medical students, and the inherent difficulties in the physical examinations and the interpersonal aspects of these sensitive encounters are often incompletely addressed in training and may persist after graduation. 3 Emergency department (ED) transvaginal ultrasound (US) may be a microcosm of how an implicit bias and anxiety with an intimate physical examination deny available resources to a vulnerable population. The current wisdom is that bias awareness is an essential first step in modifying the effect of an implicit bias. 4 This study explored the truth about patient preferences regarding a sensitive procedure so that the provider bias on the subject can begin to change.
There is extensive literature that supports the use of pelvic US by emergency physicians in the assessment of obstetric and gynecologic conditions, in particular, in the diagnosis of ectopic pregnancy and a decreased ED length of stay (LOS). [5] [6] [7] [8] [9] [10] [11] Transabdominal pelvic US is relatively easily learned in conjunction with other US applications using a general-purpose abdominal transducer. Transvaginal US is performed with an endocavitary transducer that provides higher-resolution images because of its proximity to the target organs. This capability allows for detection of an intrauterine pregnancy (IUP) earlier in gestation and a more detailed examination of the adnexa, with the ability to identify an acute ectopic pregnancy earlier. Additionally, when transvaginal US is performed in the ED, studies have shown a substantial time savings for patients with a diagnosis of an IUP. 10, 11 However, transvaginal US involves the cost of a dedicated transducer that is used for relatively few other applications and that requires special disinfection and storage. Emergency department transvaginal US also requires additional training, time to perform, and the presence of a chaperone. Despite the diagnostic utility and opportunity for decreasing a patient's ED LOS, ED transvaginal US is underused, but the reasons for this lack of use have not been well established. 12, 13 If a limited ED transvaginal US examination does not reveal an IUP, patients are often referred to radiology for a comprehensive pelvic US examination. There has been concern among ED providers and radiology personnel that women may be opposed to having ED transvaginal US because they may need a repeated transvaginal US examination in the radiology department. Additionally, providers' emotional discomfort with genital examinations may inhibit the use of this imaging modality. To our knowledge, no studies have assessed how women perceive ED transvaginal US in terms of pain, anxiety, and embarrassment associated with the procedure. Given the literature supporting the clinical and ED LOS benefits of ED transvaginal US, a better understanding of patient preferences could substantially affect ED transvaginal US use. This ED population is particularly vulnerable to an implicit bias because of their age, sex, pregnancy status, race, and insurance status. The time-constrained setting of the ED may contribute to the implicit bias, having a greater impact on clinical decision making. Knowledge of a vulnerable population's preferences regarding this subject will allow greater patient-centered care and decrease the unjustifiable use of available resources.
To goal of this study was to explore patient and provider perceptions of ED transvaginal US. This study assessed attitudes about ED transvaginal US among pregnant ED patients in terms of pain, embarrassment, anxiety, and willingness to receive an ED transvaginal US examination as part of their diagnostic workup. Secondary outcome variables included physician perceptions of the patients' experiences in terms of pain and embarrassment, pain and embarrassment related to transvaginal US compared to the pelvic examination, and an assessment of why the treating team chose to perform the ED transvaginal US examinations.
Materials and Methods
Study Setting, Design, and Selection of the Participants This work was a prospective survey of consecutive women undergoing US evaluations for complications of first-trimester pregnancy and their ED providers. The study was performed in an urban tertiary care hospital ED with an annual census of 66,000 patients from January 3, 2013, to December 3, 2013, during the hours of 7 AM to midnight. Screening, enrollment, and patient surveying were performed by academic associates supported by research coordinators from 7 AM to midnight, 7 days per week. Academic associates were predominantly undergraduate and postbaccalaureate premedical students trained in research methods, study design, patient consent, and data collection. Academic associates had no influence on the treating team's decision to perform an ED versus radiology transvaginal US examination, and all academic associate activities were supervised by research coordinators. During the operating hours, all female patients aged 18 to 50 years with conditions of "pregnant and bleeding," "pregnant and cramping," "pregnant and vomiting," "abdominal pain," "pelvic pain," and "nausea and vomiting" were screened via chart review and/or discussion with the provider team to identify potential patient eligibility. Patients were eligible for enrollment if they were hemodynamically stable, were older than 17 years, were fluent in English, had a positive pregnancy test result, and were known or estimated to be within the first trimester of pregnancy, and if the treating team planned to perform a US examination as part of the patient's ED care. Patients and ED physicians provided written consent before participation in the study, and the study was approved by the Institutional Review Board.
Although the target study population were those patients who received an ED or radiology transvaginal US examination, the perceptions of women before any US examination was performed were assessed to gain a baseline perception of transvaginal US. Therefore, a portion of the survey assessed the theoretical perception of transvaginal US, whereas those who had ED or radiology transvaginal US as part of their ED care were surveyed to assess their actual perceptions.
Before the initiation of the study, academic associates and research coordinators received training on the survey tool and a tutorial about the use of US in the assessment of complications of first-trimester pregnancy. Throughout the duration of the study, the study principal investigator attended regular meetings with the academic associates and research coordinators to answer questions and address any concerns. The survey was piloted on 15 patients, modified, and piloted again on an additional 15 patients. Pilot data were not included in the final analysis. Patients' anticipated and perceived perceptions of pain, embarrassment, and anxiety were rated on a 100-point visual analog scale on pre-and postexamination surveys.
Survey Work Flow
When an eligible patient was identified, an academic associate or research coordinator approached the patient and obtained informed consent before any US evaluation. After informed consent was obtained, the survey was initiated. The survey was completed in stages, based on the US needs determined by the treating physician. Before any US examination, all patients were asked to answer questions regarding their prior experience with transvaginal US (if they had had one), their anxiety level regarding the possibility of transvaginal US during the current visit, sex preference of the sonographer, whether they were willing to have an ED transvaginal US examination (should the ED transabdominal US examination be indeterminate), how long they would be willing to wait for radiology transvaginal US to avoid ED transvaginal US, and whether (in a hypothetical scenario) they would agree to an ED transvaginal US examination knowing that it might lead to an anticipated 3-hour decrease in their LOS (based on published data in our department; online supplemental Appendix 1).
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If a patient received an ED transvaginal US examination, the patient was surveyed again immediately after the examination. Survey questions included the sex of the sonographer, rating of the patients' overall pain and embarrassment with the US examination, rating of their pain and embarrassment with the transvaginal US compared to the pelvic examination, rating of their anxiety associated with transvaginal US, whether they would agree to an ED transvaginal US examination again in the future under similar circumstances, and whether the ED transvaginal US changed their original perception of the examination.
If a patient received a radiology transvaginal US examination (either immediately after the ED transabdominal US or after a nondiagnostic ED transvaginal US examination), the patient was once again surveyed by the academic associate immediately on return to the ED. Post-radiology transvaginal US questions were similar to post-ED transvaginal US questions. If the patient had both ED and radiology transvaginal US, they were surveyed to assess whether they thought the ED transvaginal US was worthwhile in an attempt to expedite their ED care.
The physician who performed the US examination was surveyed to assess his or her experience with and confidence in performing ED transabdominal/transvaginal US examinations and, if applicable, why no ED transvaginal US examination was performed. Emergency department sonographers included residents, US fellows, and ED attending physicians. All resident examinations were over-read by ED faculty at the time of their performance. Emergency department residents receive 200 hours of hands-on training through their US rotation, and all resident examinations must be over-read by credentialed attending faculty at the point of care, or the patient must receive a confirmatory radiology examination. Emergency department faculty are credentialed for US according to the American College of Emergency Physicians guidelines of 150 total US examinations and at least 25 scans per modality. 7 At our institution, all US examinations must be clinically indicated; no "educational" US scanning is permitted; and all scans are performed to directly inform patient care. If an ED transvaginal US examination was performed, the physician was asked to rate their perception of the patient's pain and embarrassment related to the examination compared to the pain/embarrassment associated with the pelvic examination. Sonographers were asked to rate the complexity of the transabdominal versus transvaginal US examination to get a sense of their overall comfort with the examinations. Information regarding the number of care providers present in the room during the ED transvaginal US examination was obtained to evaluate its effect on patients' perceptions of ED transvaginal US.
The academic associates were instructed to review the survey for missing or spurious data and clarify areas of confusion with the patient or provider. For patients who received ED or radiology transvaginal US after study hours, incomplete surveys were analyzed up to the point of completion. Patients who declined to participate were offered the option to share their reasons for declining.
Statistical Analysis
Patient pain, embarrassment, and anxiety levels were measured on a visual analog scale anchored by 0 being "no pain, no embarrassment, not anxious" and 100 being "worst pain, worst embarrassment imaginable, worst anxiety imaginable," respectively. A comparison of transvaginal US pain and embarrassment to a pelvic examination was also measured on a visual analog scale anchored in the following manner: 50 being "the same pain/embarrassment," 0 being "much less painful/ embarrassing," and 100 being "much more painful/ embarrassing." The physician confidence level in performing a transvaginal US examination and technical difficulty compared to transabdominal US were both measured on a visual analog scale, where the confidence level was anchored by 0 being "not confident" and 100 being "extremely confident," and technical difficulty was anchored by 0 being "much less challenging," 100 being "much more challenging," and 50 being "the same." A Shapiro-Wilkes test was used to determine whether data were normally distributed. Additionally, categorical questions were asked regarding the patients' level of anxiety, willingness to wait for radiology US, and their perception of transvaginal US should they receive one (online supplemental Appendix 1).
Summary statistics such were used to describe categorical data. All scales were summarized by medians and interquartile ranges (IQRs). To determine differences in patients' perceptions of pain and embarrassment after a transvaginal US examination was performed, a Wilcoxon rank sum test was used because of the non-normal distribution of the data. For patients who received transvaginal US from both an ED provider and a radiologist, a paired t test on the differences was used to compare embarrassment and pain levels. To determine differences in anxiety between patients who had had transvaginal US before this ED encounter and those who had not, the Wilcoxon rank sum test was used. A paired t test was used to measure the differences between the sonologist's assessment of pain and embarrassment compared to the patient's. All analyses were performed with SAS version 9.4 statistical software (SAS Institute Inc, Cary, NC). To display the distribution of pain and embarrassment scores, violin plots were used.
14 The 9 surveys that were incomplete because academic associates left before the patients returned from radiology were analyzed up to the point of incomplete data. P < .05 was considered statistically significant.
Results
During the study period, 6310 women presented to the ED and met preliminary screening criteria. Of these, 2740 women arrived after study hours, and no data were collected on this population as part of this study. Of the 3570 women who met screening criteria during study hours, 3108 were excluded for enrollment because of ineligibility (reasons included negative pregnancy test results, no pregnancy test performed, pregnant beyond the first trimester, ordered for US in radiology because of clinical complexity regardless of the pregnancy status or gestational age, pregnant but without the need for imaging during this visit regardless of gestational age, non-English speaking, and determined to be cognitively impaired and unable to provide consent). Of the 592 pregnant women who met inclusion criteria, 130 (22.0%) were missed for enrollment because study coordinators were unavailable (involved in another ED (Figure 1) .
Among the 398 women enrolled, the mean age was 25.9 years (range, 18-43 years), and gravidity 3, parity 1 ( Table 1 ). The overall awareness of transvaginal US was high, with 75.9% of women saying they had heard of transvaginal US and 57.0% having had a transvaginal US examination performed before this visit. Of the patients surveyed, 221 (55.5%) had diagnostic ED transabdominal US and needed no further imaging; 74 (18.6%) had nondiagnostic ED transabdominal US and went directly to radiology; 55 (13.8%) had nondiagnostic transabdominal US followed by diagnostic ED transvaginal US; and 48 (12.1%) had nondiagnostic ED transabdominal US followed by nondiagnostic ED transvaginal US and went to radiology for additional imaging, which included radiology transvaginal US. Nine patients did not complete the post-transvaginal US survey (4 directly to radiology transvaginal US, 3 ED transvaginal US, and 2 radiology transvaginal US after nondiagnostic ED transvaginal US; Figure 2 ).
Pre-US Survey Results (Theoretical Perceptions)
Before the ED US, the median patient anxiety score for the possibility of ED transvaginal US was 14 (IQR, 3-51). These anxiety scores were significantly lower in women with a history of transvaginal US compared to those without (median, 12 versus 27; P < .001). Of the women enrolled, 164 (41.3%) reported no anxiety; 132 (33.2%) were anxious about the transvaginal US being painful; 98 (24.7%) were anxious that the transvaginal US would hurt the fetus; 33 (8.3%) were anxious about embarrassment; and 19 (4.8%) were anxious about the well-being of the fetus. A total of 382 (96%) patients were willing to have ED transvaginal US if the ED transabdominal US did not provide all the necessary information, even with the possibility of additional transvaginal US by radiology if the ED transvaginal US was nondiagnostic for an IUP. When asked about the sex preference of the sonographer, 35.0% of patients reported that they would prefer a female sonographer; 0.5% would prefer a male sonographer; and 64.5% had no preference.
Emergency Department and Radiology Transvaginal US Patient Survey Results (Actual Perceptions)
One hundred three women received ED transvaginal US as part of their care, of whom 97% (n 5 98) completed the survey (ED transvaginal US only, n 5 52; ED and radiology transvaginal US, n 5 46). Sixty-one of these examinations (63%) were performed by male providers. The median pain score for the ED transvaginal US was 17 (IQR, 4-50), and the median embarrassment score was 8 (IQR, 1-32). When comparing the transvaginal US to the pelvic examination (where 50 indicated the same pain/embarrassment), the median pain score was 47 (IQR, 13-51), and the median embarrassment score was 41.5 (IQR, 5.5-50).
One hundred twenty-two women had a radiology transvaginal US (70 with ED transabdominal US followed by radiology transvaginal US, and 52 with ED transabdominal/transvaginal US followed by radiology transvaginal US). The median pain score for radiology transvaginal US was 14 (IQR, 4-49), and the median embarrassment score was 4.5 (IQR, 1-13). For patients who received only a single transvaginal US examination (performed by either an ED or a radiology provider), there were no differences in pain or embarrassment between ED and radiology transvaginal US (median pain level, 11.5 versus 13; P 5 .433; median embarrassment level, 7 versus 4; P 5 .345; Figure 3) . However, for patients who received both ED and radiology transvaginal US (n 5 46) women were less embarrassed with the radiology transvaginal US (always second; ED versus radiology: mean difference, 7.1; P 5 .03), but had the same pain level (ED versus radiology: mean difference, 0.4; P 5 .93; Figure 4 ).
In the post-ED transvaginal US survey, patients were asked again whether they feared that transvaginal US would hurt their pregnancy. In the pre-transvaginal US survey 24.4% reported this fear compared to 11% after the ED transvaginal US, and 96% would agree to have another ED transvaginal US examination under similar circumstances. Of the 4% who would not agree to another ED transvaginal US examination, 3 had indeterminate US results (pregnancy of unknown location), and 1 had a viable IUP. When asked whether having the ED transvaginal US changed their original perception of transvaginal US, 69% reported no change; 29% reported a positive change; and 2% reported a negative change. Of those who had both ED and Radiology transvaginal US, 85% (n 5 41) thought it was worthwhile to have both in an attempt to expedite their ED care. Of the 15% (n 5 7) who did not think it was worthwhile, all 7 had an indeterminate diagnosis at discharge (pregnancy of unknown location).
Examiner Questions
The median number of individuals in the room during an ED transvaginal US examination was 2 (range, 1-5). There was no difference between sonologist assessment of patients' embarrassment or pain compared to the Data are presented as mean 6 SD (range) and number (percent). patients' perception after ED transvaginal US (mean differences, 3.5 and -1.9, respectively; P > .25 for both). However, when compared to a pelvic examination, the sonologist more often assessed that the patient's embarrassment and pain was about the same as for a pelvic examination, whereas the patient assessed the embarrassment and pain as less compared to a pelvic examination (mean difference between sonologist and patient assessment of embarrassment, 12.8; P < .0001; pain, 8.0; P 5 .01).
Panebianco et al-Emergency Department Patient Perceptions of Transvaginal Ultrasound
The most common reason for not performing an ED transvaginal US examination was the presence of a viable IUP (63.3%) on ED transabdominal US, followed by physicians' belief that transvaginal US would not identify an IUP (17.0%), inadequate physician experience/training with performing the transvaginal US examination (5.8%), nonviable IUP (3.4%), lack of time (3.4%), patient discomfort (0.7%), and various other reasons (10.2%; eg, patient refusal and radiology study needed for reasons other than pregnancy [eg, torsion]). The median confidence with the ED transvaginal US was 86 (IQR, 71-96). Emergency physicians did not think that an ED transvaginal US examination was more technically challenging to perform than an ED transabdominal US examination (median, 50; IQR, 29-53).
Discussion
The time-saving value and clinical utility of ED US for complications of first-trimester pregnancy have been widely reported in the literature. In a study conducted at our institution, if a patient had an IUP identified by ED transvaginal US, the average LOS was 3.6 hours compared to 6 hours for those who went directly to radiology without ED US. 11 Additionally, performing the ED transvaginal US examination after nondiagnostic ED transabdominal US did not significantly add to the ED LOS (3.6 versus 3.2 hours, respectively). Similar studies have shown that ED pelvic US yields substantial decreases in the ED LOS, particularly when a viable IUP is identified and in the hours when radiology is unavailable. 6, 8, 9 A systematic review by McRae et al 10 found that that the specificity of ED US for identifying an IUP exceeded 98%, and the sensitivity in most studies exceeded 90%. In addition, they found that ED US reduced the frequency of missed ectopic pregnancies, decreased the time to surgery for ectopic pregnancies, shortened the LOS for normal pregnancies, and may be more cost-effective than diagnostic strategies requiring formal US. This study reinforces the idea that most women would prefer to have ED transvaginal US, despite the potential discomfort of a repeated examination, in the hope of an expedited ED workup. With the perennial challenge of ED crowding, the potential time saved by ED transvaginal US brings priorities of ED work flow into alignment with shared decision making and patient-centered care.
The Council of Emergency Medicine Residency Directors Emergency Ultrasound Consensus Committee stated that EM US figures prominently in critical, life-threatening scenarios, and that all EM residency programs will aim to ensure the competency of their 5 core EM US applications. 15 Number 4 on this list is "identification of early IUP via transabdominal and transvaginal US." Despite the committee's support of training in transvaginal US, a survey of Accreditation Council for Graduate Medical Education residency programs in 2003 on the use and education of bedside US found that only 49% reported the use of transvaginal US. 16 In a survey of Canadian EM residency directors, residents, and experts in point-of-care US, ED transvaginal US was categorized as "advanced EM pointof-care US (special interest)." 17 In a limited survey of EM residents conducted in 2014, only 36% of residents reported being comfortable performing ED transvaginal US examinations. 18 Additionally, in a survey on EM US in rural communities where resources are generally more limited, only 53.3% of respondents reported using US for ruling in an IUP. 19 In a survey of ED directors of how point-of-care US was used in Connecticut in 2011, less than 20% of respondents reported regularly performing pelvic US examinations. 12 Similarly, in a study assessing US use across academic and community settings, only 66% of physicians in academic centers and 25% of physicians in community nonteaching centers reported performing pelvic US examinations more than 5 times over a 3-month period. 13 Despite the large body of evidence that bedside US examinations for complications of first-trimester pregnancy performed by ED physicians are diagnostically accurate, clinically useful, time saving, and widely acceptable to patients, there is underuse of this imaging modality in residency training and clinical practice.
How and when to teach intimate (breast, genital, and rectal) physical examination skills has challenged medical educators. 20, 21 Performing these examinations produces anxiety for many medical students, and the inherent difficulties in physical examinations and the interpersonal aspects of these sensitive examinations are often incompletely addressed and may persist after graduation. In this study, we assessed the patient's anxiety and embarrassment associated with the examination and found it to be low; however, we did not assess the physician's level of anxiety or embarrassment with the examination. Although physicians were able to accurately assess the patient's embarrassment with ED transvaginal US, they significantly overestimated their embarrassment with ED transvaginal US compared to the pelvic examination. A future study to assess whether providerlevel anxiety/embarrassment is a factor in receiving training and performing ED transvaginal US examinations should be considered and may partially explain the underuse of this imaging modality.
An implicit bias has been described as a "bias in judgment and/or behavior that results from subtle cognitive processes (eg, implicit attitudes and implicit stereotypes) that often operate at a level below conscious awareness and without intentional control."
1 Implicit racial, sex, and economic biases have substantial negative consequences on the available medical resources offered to vulnerable patient populations and result in poor health outcomes. This study provides evidence that patient preferences are aligned with increased use of ED transvaginal US, and that providers who defer examinations on the basis of assumptions about patient preferences are unjustified in doing so.
Our data regarding patients' perceptions concurs with the gynecology literature on this topic. Similar to our findings, Braithwaite and Economides 22 found that patients with a history of transvaginal US were more comfortable with the examination than those receiving it for the first time, and 95% of those who received transvaginal US would have no concerns about transvaginal US in a future pregnancy. Clement et al 23 aimed to assess both the acceptability of antenatal transvaginal US to women and the extent of any psychological morbidity (anxiety, pain, and trauma) associated with transvaginal US during the second trimester of pregnancy to assess the risk of preterm delivery. In that study, 23 most patients who agreed to have the transvaginal US said that they would definitely or probably have another transvaginal US examination in the future (95.9%), thought the scan had definitely or probably been worth having (95.8%), and did not find the experience difficult (1.3 on a 5-point Likert scale). Our study corroborates the gynecology literature in that most women have minimal pain and anxiety associated with transvaginal US and think it is a worthwhile part of their pregnancy care. The interquartile range of our patients' pain and embarrassment reflects this perception, with scores firmly clustered toward much less pain and no embarrassment.
In a study of patients presenting to a gynecology office with complications of first-trimester pregnancy, Dutta and Economides 24 found that 77% of patients scored 3 or less of 10 with regard to discomfort, pain, and embarrassment associated with transvaginal US, and 99% of patients said that they would agree to have a similar procedure in the future. 24 In the same study, patients who did not have a viable IUP were more likely to express feeling upset and tense after the transvaginal US; however, they did not score higher on discomfort, pain, or embarrassment compared to those with an ongoing pregnancy. In the small group of patients in our study who did not think the ED transvaginal US was worthwhile, all but 1 patient had an indeterminate US examination, suggesting that the undesirable US findings may have influenced their perception. This study was conducted at an urban tertiary care center with a patient population that is aware of and experienced with transvaginal US. These results may differ in an environment where transvaginal US is less commonly used and with a patient population that is less experienced with transvaginal US, but the preexamination anxiety scores in our patients without transvaginal US experience were also consistently low. Overall, the ED sonologists in this study had a high degree of confidence in their ED transvaginal US skills and did not think that ED transvaginal US examinations were more challenging to perform than ED transabdominal US examinations. These results may not reflect the confidence of care providers at other institutions. With any survey, there is the possibility of a recall bias, although the patients were surveyed immediately after their US examinations, making this possibility less likely. It is also possible that respondents chose the most acceptable answers rather than their true opinions in fear that a negative response would affect their care. The academic associates and research coordinators were not blinded to the study objectives; however, by design of the survey, there was little opportunity to influence the patients. The finding that patients had less embarrassment with radiology transvaginal US than ED transvaginal US might have been due to blunting of patients' negative perceptions on the second examination, which by necessity was always radiology transvaginal US (70 of 116 patients underwent only a single transvaginal US examination in the radiology department).
In conclusion, pregnant ED patients undergoing ED transvaginal US examinations report low levels of anxiety and embarrassment, and after ED transvaginal US, 96% would agree to have the examination again under similar circumstances. Most pregnant patients think ED transvaginal US is worthwhile to expedite care. There is no difference in patients' pain and embarrassment between ED and radiology transvaginal US. Emergency physicians accurately assessed patients' pain and embarrassment associated with ED transvaginal US but overestimated them compared to the pelvic examination.
